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Light scanner with cylindrical lenses. 



The present invention relates to improved scroll scanning systems, and in 
particular, to systems •which provide ima^g of scroUmg multiple color bands across a 
single-panel reflective or transmissive display device in a video projector. 

5 A known color projection display system includes a monochromatic flat panel 

display device that is, in operation, sequentially illummated with light The modulated light 
pattern fix>m the display device is then projected onto a display surfiwe. For color projection, 
monochromatic light sources or selectively fihcard light souiccs are sequentially scanned 
over the flat panel display device at a repetition rate sufficient that the human eye perceives a 

10 single color image. The human eye thus integrates this "color sequential" display of three 
separate images into a "single" image. By providing a single fiat panel display device, a 
cmnmon optical pafli is provided for all colors, and oonvcrgeoce and misre^stiation errors 
are substantially eliminated. 

To provide eflScient illumination of Ac flat pand display device, it is preferred 

15 to split white light ftomaprojector lamp into ti» three basic colors, wiiich are simultaneously 
enyloyed. Since the conqxmcirts are simultaneously employed, the light ou^ut from the 
projector lamp is efBcieatly employed. This technique requires that portions of the flat panel 
display device simultaneously present portions of jrixel images for each of the colors, hi 
order to make efficiait use of the flat panel display mi to avoid degradation of the 

20 resolution, each color is ideally presented as a rectangular stripe which scrolls down the 
panel, sequentially illuminating all regions of the flat panel display device. This technique 
therefore requires that pixel data for each of the respective colors be xqjdated between tiie 
respective color stripe iUuminatioiL 

In a rotating prism scanning system, the rotating prism assembly repeatedly 

25 scans the red, green, and blue bands through a pair of relay lenses, which image the spatially- 
separated scanning colored light bands onto a light valve panel having an array of pixels. 
The scanning colored light bands are separated from each other by one-tWrd of the panel 
height Each time a light band of one color leaves the bottom of the array, a corresponding 
light band of the same color spears at Ae top of the array and begins its scan. Befoie each 
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colored light band passes over a respective row of pfacels, the pixel image data must be loaded 
into the column conductors the respective row is selected, and the pixel elements 
allowed to settle. Because, in this case, three different rows (or bands of rows) will be 
illuminated substantially simultaneously by the three different colored light bands, either 
5 three separate column conductors and drivers must be provided for each column of pixels, or 
the data must be provided sequentially to the column conductors at tiuec times the video Kne 
rate. 

The simtiltaneous use of a substantial portion of the available red, green and 
blue light through a single light valve panel provides optical efficiencies comparable to that 

10 of three-panel systems employing similar types of light valve panels. However, by using 
only a smgle panel, the need to mechanically converge different color images farmed on 
different panels is eliminated, and system cost and size is reduced. Additionally, beam 
comWning dichroic filters are not needed, which leads to additional sa>dngs. See, Peter 
Janssen, "A Novel Single Light Valve High Brightoess HD Color Projector", Society For 

15 Information Display (SID), Technical Paper, France 1993; Shimizu, Jeffrey, "Single Panel 
Reflective LCD Projector", SPIE (1999). 

Typically, tiie fiat panel display device is a thin film transistor (TFT) licpiid 
crystal display (LCD) device, having, for example, a resolution of 1280 by 1024 pbcels. 
Since the image is projected, the display device may be relatively small, i-e., less than about 6 

20 cm. Further, the preferred mode of operation is a reflective mode, which allows use of 

thinner layers of liquid crystal light modulation material and correspondingly fester response 
times, since the light passes through the Uquid crystal twice. Display technologies other than 
TFT may be employed, for example known silicon on insulator LCD display devices. 
Further, the "projection- need not be over a large area, and, for example, a similar technology 

25 may be employed m so-called heads-up displays and virtual reality goggles. See, U.S. Patent 
Nos. 5,673,059 and 5,642,129, expressly incorporated herein by reference. 

In Older to achieve the scrolling illumination, scanning mechanisms have been 
proposed with moving color filters or with static color separation combitied with an optical 
scanning mechanism like a rotating prism. The moving color filter solutions so far have been 

30 less light efficient because they tend to discard at least two thirds of the available white light 
to achieve individual color components. Static color separation, e.g. with dichroic minxjrs, is 
generally much more light efficient because all color components can be used 
simultaneously. However, in these dichroic minor systems, the problem is then in designing 
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a scanning mechanism tbat converts the static color stripes into a usefid scrolling color stripe 
pattem. 

One known scainningmechanisni is a rotating prism. It suffers, bowevw, fcom 
low quality imaging of the color stripes, and it is generally very difiScultto achieve uniform 
5 scanning for all color components in a single scanning element. Multiple scanmng element 
systems have been proposed, employing rotating prisms (either separated or physically 
joined), which offer better scan-speed unifomiity (for the different color light bands) and 
scan-speed linearity (for each light band) than the single-prism system, but are less compact. 
See, U.S. PaL Nos. 5,845,981. 5,608.467, 5,548,347, 5.532,763, 5.528,318. 5,508.738, 
10 5,416414 and 5,410.370, expressly incorporated herein by reference. 

For a scrolling scanner system, the ideal scan transformation function is: 

Xo(t)/X - (tA" + X|/X) modulo 1, 

with X bdng the total height of iiq«it and output beam, X| being the ray height 
in the input beam, being the oonesponding ray bright in the outpm beam as a fi^ 

15 time,! being the fiame period, and t being the time. CITie modulo 1 operation returns a value 
between 0 and 1, equal to the non-integer fraction of the operand. It is the same as the 
tract ( ) function in common computer languages.) TOs concept is similar to so-called 
"aliasing", in this case the integer portion of the function being undeterminable based on the 
state of the output It is noted that only the phase of the output ray depends on the input ray 

20 height in the beam; the actual output swings always from 0 to X, independently from the 
input ray height This means that the scanner has to perform a different geometrical 
transformation for different incoming ray heights, or abetiations will result to the scroIUng 
light band output. 

In one known system, a rotating prism is provided, having a central axis of 
25 rotation and an even number of facets symmetrically disposed around the axis. A light 
source projects paraUcl beams of the three different respective colors through the prism. 
Central illumination rays for each of the respective color bands are propagated along a 
respective path that is directed at the axis of rotation. The ray paths of the outer edges of 
each color band are directed to converge at an angle a-(D+l/3mb), where n is equal to any 
30 non-negative integer (i.e. 0, 1. .. .). m is equal to 1 or 2, and b=-360° divided by the number of 
prism facets. A combination of optical components is arranged to intercept the Ulumination 
rays aiter their passage through the prism, and to guide and converge the illumination rays, 
seeking to form on the panel spaced-^ait light bands having mutually parallel central 
iUumination rays which scan across the panel as the prism is rotated. The optical elements 
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(Le. the prism, the lenses and the inimHs) serve to continuously focajs on» and scan across, 
the panel, each of the Ught bands incident on the fiwsets of the rotating prism. These optical 
elements arc selected and arranged so that, as the prism rotates, the fllmnination rays for each 
of the red, green and blue light bands follows an equivalent path, fiom its image at a 

5 respective aperture, to the incidence of the respective light band on the light valve panel. 
This causes the central illumination rays for all three color bands to continuously strike the 
panel at tbs same angle of incidence (preferably orthogonal) as they are scanned across it. As 
the light paths leave the prism, they converge and cross before entering a lens group. After 
leaving respective apertures for each path, the central illumination lays for each of the light 

1 0 bands diverge. A set of lens groiq)s is provided to reconverge the illumination rays to form, 
red, green and blue images of the bands on the panel. The scan Imearity of the optical system 
can be improved to a significant degree by making the surfeces of the revolving prism 
cyiindrically concave. These concave sotfaces refiact the light, seekmg to correct 
unperfectioas in the scamung function. The correction is, however, incomplete. Sec,U.S. 

15 Pat Nos. 5,845,981, 5,608,467, 5,548,347, 5,532,763. 5,528,318, 5,508,738. 5,416,514 and 
5,410,370, supra. 

Likewise, another known attempt to scan a scrolling pattern employs a set of 
quasi-cylindrical lens elements disposed concentrically on a rotating disk, in this case, the 
output is non-telecMtric and the scan is uncompensated. These quasicylindrical lens 

20 dements are employed in a liquid crystal light valve (LCLV) projection system, in which 
light is scanned by a train of quasi-cylindrical light bending or light reflecting elements that 
are sequentially interposed between a higji intensity readmg light source and die liquid 
crystal device. The quasi-cylindrical Hght bending elements are mounted on a circular wheel 
and themselves have a drcular shape. The wheel is rotated to sequentially interpose the 

25 successive bending elements between the light source and the liquid crystal to cause a narrow 
elongated band of light to scan in synchronism wifli the input scan. Because of the curvature 
of the quasi cylindrical elements, some degree of undesirable lateral scan, orthogonal to Ae 
direction of the intended scan, is provided. Because the apparatus scans by employing an 
angulariy deflected beam, telecenttic behavior of the beam (constant angle of incidence) is 

30 lost Telecentric behavior is dcskable wherever it is important for the beam as a vrfiole to be 
perpendicular to an object or image plane, such as in a liquid crystal projection system, hi 
this system, it is considered desirable to reduce chromatic aberration, and to eliminate 
vertical re-irace time as the scannmg shifts from one element to another in the train of quasi- 
cylindrical elements. The scan angle of this syston is nrther limited. See, U.S. 5398,082 
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and WO 94/28672, expressly incorporated herein 1^ reference. In a related design, the 
rotating lens vrfieel is replaced by a transparent polygonal body (Le-, a prism) mounted for 
rotation about an axis and driven in a continuous unidirectional rotation by a motor. Light 
passing through the polygonal body is twice refracted, to be displaced to an output path that 

5 is parallel to the input path. This displacement varies in magnitude as the body rotates, to 
effect a scamiing motion of the light transmitted by the body. The angular displacement is 
also limited in this system. See, U.S. Pat. No. 5,428,467, expressly mcorporated herein by 
reference. U.S. Pat. No. 5,450,219, expressly incorporated herein by reference, relates to a 
teleccatric illumination scanning system employing a rotating polygonal mirror, vvhich is 

1 0 suitable for scanning only relatively narrow light beams. 

U.S. Pat No. 5,822,025, expressly incorporated herein by reference, relates to 
a single light valve color projection system that enables sequential display of color. Several 
rotating glass plates are sequentially inserted between the light valve and the objective. 
These glass plates czeate a spatial of&ct of the image of light valve pixels three times per 

15 fiame on the projection screen. The sets of plates are rotated by a motor with an axis parallel 
to the optical axis of the motor, and intersect the hnage beam at each image frame. 

U.S. Pat No. 5,781,251, expressly incorporated herein by reference, relates to 
a color smgle panel projector, including a mechanism for deflecting light mto a plurality of 
directions, and a light panel for receiving the deflected light. The deflecting mechanism 

20 mcludes a transparent optical medium having a nonuniform tfaidkness, in which light beams 
enter through a center opening of tiic medium and exit at areas along a side of the medium, 

U.S. Pat No. 5,490,013, expressly incorporated herein by reference, relates to 
a compensation plate for tilted plate optical aberrations, including astigmatism and coma, 

U.S. Pat No. 5^27,910, expressly incorporated herein by reference, relates to 

25 a laser beam scanner including a rotating prism, which receives and deflects the laser beam 
toward a spherical lens, which receives the laser beam and converges it A spherical reflector 
then redirects and focuses tiie converging laser beam to a laser scan spot aIoi% a scan line. 
The laser beam scanner may include one or multiple prisms, wherein individual prisms may 
be single or multi-faceted prisms. This system is designed to elnninate across-scan error, 

30 seeking to generate a mathematically perfect scan line. 

U.S. Pat No. 5,166,820, expressly incorporated herein by reference, relates to 
a light scanning system having a first scanning unit for guiding the li^t beam in a first 
scamiing direction, a second scanning unit including a deflection prism for guiding the light 
beam m a second scanning direction, and an object lens. The second scanning unit has a 



wo 00/60397 



FCT/EPOO/02675 



6 

conunon optical axis with the first scanning unit and is movable in an optical direction in 
pamll el with an optical axis or tamable arotmd the optical axis, so that the light beam 
entering the second scanning unit may be deflected in any direction v/hm exiting from fte 
second scaniung unit 

5 EP 0,248^204 A2 relates to a color filter wfaceKbased optical scanning system 

employing eiAer standard color filters or diffraction grids to rapidly select a color 
component, allowing a single CCD image sensor array to can handle full color. The light is 
collimatcd into a narrow band of ligjit 

US 5,479,187 relates to an optical scanning system employing a wheel with 

10 simple planar mirror facets, suitable for scanning relatively narrow light beams. The angle of 
incidence of the illumination varies over the height of the panel 

EP 0,749,246 Al relates to a system having a color wheel arrangement that 
provides illumination pulses of color illumination components over the entire panel (in this 
case a digital mirror display). The illumination switches between color components more or 

15 less instantaneously over the entire panel. The panel addressing must be very fast to allow 
this without artifacts. Because botti color illununation switch and panel addressmg are not 
infinitely fast, some blanking is provided between color component transients. See, also U.S. 
Pat No. 5,658,063. 

Projection systems are also described in several U.S^ Patents, including U.S. 

20 Pat Nos. 4,650,296 to Koda et al for Liquid Crystal Light Valve Color Projector, 4^43,535 
to Bleha, Jr. for Oquid Crystal Ught Valvtf, 4,327,322 to Jacohsen, et al for High Brightness 
FuU Color Image Light Valve Projection System, 4,191,456 to Hong, et al for Optical Block 
for High Brightness Full Color Video Projection System, 5,264,880, to Sprague et al., for 
method and Apparatus for projecting a Color Image, 5,644,357 to Cohen, et al. for Burst 

25 Driving of Single-Panel Display, and 5,684,504 to Vcrhulst et al., for Display Device, each of 
which is incorporated herwn by reference. 

A disadvantage of the known optical scanner is that scan non-linearities are 
introduced by the use of a single prism to scan all three colors in the optical scanner. 

30 

It is an object of the invention to reduce the scan linearities in an optical 

scanner. 

This object is achieved by the optical scanner according to the invention as is 
defined in Clahn L 
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Further advaotageoxis embodiments of the isvotfioii are defbed in the 

depeodeat claims. 

Hie izrventiQn further relates to a scan optic. 

A disadvantage of &e known scan optic is that scan non-linearities are 
5 introduced by the use ofa angle prism to scan all Aree colors in the scan optic. 

It is a further object of tiie faventiai to reduce tiie scan non-linearities m a 
scan optic. This object is achieved by a scan optic according to the invention as is defined in 
Claim 10. 

The invention further relates to a scanner system. 
JO A disadvantage of the known scanner system is that scan non-linearities are 

introduced by the use of a single prism to scan all tiucc colors in the optical scanner. 

It is a further object of the invention to reduce the scan non-linearities in a 
scanner system. 

This object is achieved by the scanner system according to the invention as is 

IS definedin Claim 15. 

According to tite present invention, the scan non-linearities caused by the use 
of a smgle prism to scan all tiiree colors (RGB) in a single panel scrollmg raster display 
system arc reduced and/or corrected by employing static cyUndrical lenses to prefaces and 
postfocus the static color stripe pattern passing through a scanning element, in a manner to 

20 achieve the correct scan fimction for all ray heights of tiie iiqmt pattern. Thus, tiie outer rays 
of color stripe pattern entering tiie scanniag prism will undergo flie same scrolling function as 
tiie center rays of tiie color stripe pattern, maintaining scan quality over a wide inpm aperture. 

According to tiie present invention, tiie prefocus and postfocus lenses are 
generally positive lenses (real focus, e.g., plano-convex or convex-convex lenses). Furtiier, 

25 tiiese lenses are typically cylindrical, i.c., having a line focus in contrast to tiie poim focus 
resulting fiom a spherical lens. Additionally, tiie prefocus and postfbcus lenses arc typically 
symmetric. It should be understood, however, tiiat various known optical systems, such as 
apochromatic (or otiier compound) lens stmctures, binary or Fresnel optical structures 
(possibly optimized for tiie particular color band operated on) may also be employed. 

30 Reflective or diffiactive optics may also be employed for tiie pre and/or post focus structures. 

According to tiie present invention, tiie scannmg element preferably also has 
an optical power, which cooperates witii tiie prefocus and postfocus lenses to coitect tiic scan 
function. In tiiis case, however, tiie scaoning element may have a positive (real focus) or 
negative lenses Cunaginary focus). The scanning element may include two or more optical 
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demeots moving in synchrony, which nay be joined, e.g., smfeces of a rotating prism, or 
sepamtB. Tbe scanmng element may also include static lenses or optical components as 
appropriate. Like the piefbcus and postfiscus optics, the scanmng element lenses are 
typically cylindrical, le., having a line focus in contrast to the point focus resulting fiom a 
5 spheri(»l lens, and are arranged for symmetric or antisymmetric movement, to maintain an 
appropriate desired optical function. Known optical systems, such as apocbromatic (or other 
compound) lens structures, reflective dif&active, Wnaiy or Frcsnel optical structures may 
also be employed. 

In order to reduce optical losses and internal reflections, optical surfeces are 

10 preferably coated or multicoated in known maimer. 

As discussed below, a cylindrical optical system is capable of diverting light 
rays along one axis, while a spherical optical system is capable of diverting light rays along • 
two Orthogonal axes. Since the scroll function is a one-dimensional transformation, the 
moving scroll optic itself typicaUy provides a cylindrical optical fimction, allowing incident 

15 light rays to be transformed according to the scroU fimction. However, it should be 

understood fliat the present mvention also encompasses scanning (or time-varying) optical 
elements having various optical fimctions, to translate an input image (or image sequence) 
into a time-varying ou^ image (or image sequence). It is also understood that the time 
varying characteristic need not result in a simple or true scroU function, and thus, through 

20 control over the surfece figure of the scan optic or control over the position of scan optic 
elements, an arijitrary time-varying image transformation between input and output may be 
applied. 

The system according to the present invention tiierefore includes optical 
structures that provide a corrected scrolling scan ftnction, for example providing a telecentric 

25 scan fimction for an ii^ set of parallel beams. This is preferably accomplished by 

employing piefocus and postfocus optics, and a scanning subsystem therebetween adapted to 
produce a correct scrolling scan fimction at the output of tiie postfocus optic. 

The present system is considered an imaging system, in ti»t the output 
represents a scrolling image of the iiq>ut, and tinis is capable of sharply defined zone edges 

30 with preservation of image size, optical array patterns, and preservation of otiier optical 
information transmitted through tiie system tiiroughout the scan cycle, including a 
discontinuity. This is in contrast to typical scroll scan systems according to tiie prior art, 
which arc non-imaging, meaning ti»t die light rays between input and output become 
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sQbstantiaUy disairayed and perturbed, especially near discontinuities, and thus various image 

in&nnation is substantially lost 

According to a prefiared embodimmt, the present invoBtion employs tvTO (or 

even three or mote) syndnonized sets of moving cylindrical leases (e.g., opposite curved 
5 surfeces of a rotating prism, or physicaUy separate optical elements, having synchronized 
movement), and associated prefocus and postfocus optics, that together are capable of proper 
imaging scroll scanning of a set of slits of iUumination. Because the scroU scanning function 
is corrected, the system is usable wift a wider set of slits than an uncorrected design. TUs, 
for example, aUows a greater number of slits to be provided, reduces artifects, and increases 
1 0 display contrast as compared to prior art systems. 

Accoiding to the present invention, the output scrolling scan function may be 
telecentric, i.e., the illumination angle provided on the display panel is uniform over the 
panel, over a wide augle aperture, for example about 50', and tiie entire wide apermre of 
illumination splits up coitcctly into separate parts when it scrolls through the panel edge, 
15 Hius, ti»e present invention provides a fully imaging scroll. The ability to scantelccentricaUy 
is particulariy important in optical rtstardation based display systems, such as liquid crystal 
display devices. The telecentric iUumination results in high light efficiency of tiie display 
device, maintenance of higji contrast, and reduction in abenrations in tiie projected image. 

Wide slits or bands of iUuminaticm are especially suitable for illuminating 
20 color sequential panels ti>at switch relatively fast and have slow decay (such as active matrix 
addressed liquid crystal panels), making most of tiie cycle time available for illumination, 
and, as display device technology advances, allow a greater pixel data bandwidfli to be 
effectively utilized. The system of flte present invention provides tiie advantage of ti»e abiUty 
to scroll a relatively wider slit witii wider angle of aperture, with less abenation tiian known 
25 systems. This, hi turn, allows a reduction in physical size of flie scanning system for a 
comparable aperture. Typically, such smaller scanning systems are lower in cost 

The present invention, in principle, can scroll any full size incoming light 
pattern m cyclic manner tiie part tiiat scrolls off one edge continuously moves in from tiie 
other edge, hi tiie important appUcation of a color sequential projection panel, tiie incoming 
30 light pattern consists of tiirce (or four) color bands: Red, Green. Blue (or Red, Green, Blue 
and White for further improved brighmess). The widtii of tiie individual color bands (and tiie 
conesponding addressing fronts on the panel) may be identical, but in fact can be specifically 
chosen for best color balance. 
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In t^pUcations wUch provide a defined image plane and seek to joesOT^ 
image, U is understood that Aeopticd system has a focal dist^^ In contrast, in 
applications where coUimated light enters the system, no image plane is defined, and 
generally collimated scanned light will exit the system, as is the case with a simple scroll 

5 scan system according to the present invention. It is also therefore understood that the optical 
elements of the scanning system may also interact with or compensate for optical effects in 
other parts of the system; therefore, it is understood that such interactions and compensations 
produce effects whidi are equivalent to the imagii^ functions described herein for the 
scanning system in isolation. 

1 0 While in preferred configurations, the displaceable opdcs are central, 

surrounded by compensation optical elements, diis is not required. Therefore, it is 
understood that embodiments wilfa moving prefocus and postfocus elemaits (e.g., ejctemal 
elements), and static "scanning" optics (c.g., internal elements) are included within the scope 
of the invention. Known optical principles apply in this instance to define the required 

15 compensation function and configuration of Ae desired compensation elements for the 
scanning system. 

The scanning optical elements are preferably in the form of simple rcfiractive 
lens elements, however, such scanning optical elements may be provided as reflective 
elements and/or complex sets of refiractive elements. Reflective elonents are particularly 

20 advantageous, for example, for optical systems that are not made of transparent materials, or 
where the refractive properties of the material are difficult to control. 

The scanning element may take any of a number of forms. For example, a 
rotating prism, a disk with an optical pattem at the periphery (either radiaUy or tangcntially 
oriented), a drum with the optical pattem on its surface (either parallel or perpendicular to 

25 shaft), a set of optical elements on a belt or chata, a set of iineariy displaceable optics (with a 
sawtooth motion reset), or even an adaptive or fluidic optic system. The scan function is 
implemented by proving optics with at least one non-stationary discontinuity in their 
optical function. At opposite sides of the discontinuity, the rays are redirected to different 
positions, corresponding to a scroll roll-over. At other, contmuous function-regions of the 

30 optic, an incremental change in position over the surfece corresponds to a continuous change 
in optical effect In a preferred embodhnent, the optic comprises a series of discontinuities 
sepaistcd by continuous optical fbnction regions. 

Therefore, the present mvention cwnprises a scrolling scanner having an ideal 
scanning function, well corrected for wide apemaes, employing a set of compensated 
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imaging optics compensated for scroUing a set of parallel light bands over a wide field. In 
tbis case, a wide aperture may be considered, for ocample, as the case where sin(xyx deviates 
substantially from wiity, wi4 respert to the desired accuracy (or tolerance for abeiiation) of 
the scaraiing system, where X is the angle between Ae most distant band with respect to &e 

5 central optic axis of the scanner. Some systems may have differing sensitivity to wide 

aperture ii^nits, which, of course, would provide somev^ differing tolerable apcmaes. For 
example, systems according to die present invention may provide optical q}«turcs which are 
over 50* total angle wth respect to the central optic axis of the scanner. Expressed 
differently, a scroll scan system according to the present invention allows an input aperture in 

10 which 1/f » 1 . Prior uncompensated scroll scan systems have input apertures of less than 
about 40° total angle. Thus, the present invention may make use of neariy the fiill width 
between discontinuities of a hwcagonal rotating prism, as discussed below with reflect to 
Fig. 9. 

The present invention also providM a set of unique scannmg optics, mduding 

15 rotatmg disks and drams, to provide the sciolUngfimction. According to the invention, an 
optical discontinuity may be present oriented gencnOly axially or radially with respect to the 
rotational axis, on either a disk or drum type optic. Previously, scrolling scan optics 
employed rotating prisms, generally analogous to an axiaUy oriented discontinuity on a drum 
optic. Therefore, this aspect of the present invention provides a rotating optic having an 

20 optical function which varies about the periphery thereof In a preferred embodiment, at any 
angular orientation about an axis of rotation, the surfece figure approximates a cylmdrical 
optic with a spkal (for a disk optic) or helical (for a drum optic) optical discontinuity. 
Altemately, the rotating optic may include a disk having radially oriented approximately 
cylindrical optical segments, each separated by a radially oriented optical discontinuity or a 

25 drum having axially oriented cylindrical optical segments, each separated by an axially 
oriented optical discontinuhy, 

Accordmg to another aspect of the invention, the scanning optic comprises a 
primary scan optic and a secondary transfer optic, said secondary transfer optic providmg 
internal telecentricity for the optical system. The transfer optic may, in turn, comprise one or 

30 more sets of optical elements in series which, depending on the requirements, may move in 
synchrony with the scanning optic clement(s). 

In general, in a rotating optic scanner design, a larger ratio between disk/drum 
radius and beam size means smaller imaging errors, but tiierc is a trade-off with compactness 
and cost of the system. Some of die eirors can be corrected optically. For example, in drum 
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based optics with axially oiicnlcd leas clemcsnts, the optical function can be corrected by 
modifying the static prefocus and postfocus lenses and dxum lenses! 

In general, any of the lenses accordmg to the present invention may be 
replaced by a Fresnel design with piecewise segments. 
5 It is therefore an object of the invention to provide an imaging scrolling optical 

scanner having a large width and/or wide angle of beam acceptance and high accuracy. 

It is a further object of Ae invention to provide a scrolling optical scanning 
system which provides imaging of an iqwit, through a scan optic» to an output. 

It is another object of the invention to provide a scanning optical subsystem 
10 for correction of inherent imaging impairments, includmg a set of compensation optics for 
compensating for the imaging impairments, to provide a composite scanning optical system 
having suitable imaging performance. 

These and other objects and features of the present invention will become 
more folly apparent from the following description and appended claims taken in conjunction 
IS with the accompanying drawings. 

For a better understandmg of the invention, reference is made to the drawings, 
which are to be taken in conjunction with the detailed specification to follow: 

Fig. 1 is a side view of a first embodiment of the inventioI^ 
20 Figs; 2A, 2B, 2C and 2D show, respectively, three dififcrent scroll conditions 

and the effect of acceptance angle of the first embodiment; 

Fig* 3 is a side view of a second embodiment of Ae invention; 

Figs, 4A, 4B, 4C and 4D show, respectively, three different scroU conditions 
and the effect of acceptance angle of the second embocfiment; and 
25 Fig. 5 is a side view of a third «nbodiment of the invention; 

Fig. 6 shows the effect of acceptance angle of the third embodiment; 

Fig. 7A, 7B, 7C and 7D show, respectively, a radially oriented cylindrical lens 
structure on a disk, a tangentially oriented cylindrical lens structure on a disk, an axially 
oriented cylindrical lens structure on a drum and a lens structure oriented perpendicular to the 
30 axis of a drum; 

Figs. 8 A and 8B show, respectively, a wireframe model of a surfece of a single 
(see Fig. 7B) and half-size cylindrical lens structure tangcntially oriented on a disk; and 

Fig. 9 shows a fourth embodiment of the invention having a rotating prism 
with concave faces. 
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The invention will now be described by way of fl» dtawngs. in v^ch 
corresponding reference nnmeralB imficate coiresponding structures in flie figures. 
EXAMPLE 1 

5 A first embodiment of &e invention, shown in Rg. 1 , uses a static cylindrical 

Jens 12 to prefocus the static color-stripe pattern H into the scanning element 10. This 
makes it possible to achieve the correct scan function for all input ray heights; the height 
difference is translated into a phase pre-correction for the actual scanning elanent 10. A 
postfocus cylinder lens 1 3 is then used to back convert the translation after the actual 

1 0 gfj^fftiing function by the scannmg element 1 0. 

Fig. 1 shows an embodimrait vvbtrt the scanning element 10 itself consists of 
two arrays 14, 15 of negative cylinder lenses that move in opposite directions. The static 
positive preftxais 12 and postfocus 13 lenses, and the moving negative lenses 14, 15. all have 
a fbcal lengfli approximately equal to the distance L betwc«i input and output For ideal 

15 lenses, aU very close to the respective input and output planes, the focal length should be 
equal to distance L. In practice, however, lenses are not perfect, have to be separated from 
each other, and may move in less than an ideal way, so the optimal focal length may deviate a 
bitfinmthis. 

The moving array lenses 14, 15 are bmted together and have a size equal to the 
20 input 16andthe output 17 beam aperture. Figs. 2A,2B and 2C show the scan fimction at 

three different points in time. Fig. 2A shows the situation w*ere all four lens elements 12, 

13, 14, 15 are perfectty aUgned; the positive lens action of the prefocus 12 and postfocus 13 

lens is simply canceled by the conrespondmg array lens 14, 15 of equal but opposite strength. 

Figs. 2B and 2C illustrate the scan ftmction for equal but opposite shifts of the arrays 14, 15. 
25 For synchronous linear array movement and Ideal lenses, the output light pattern is according 

to the ideal scan transformation described above. 

Fig. 2D shows the effect of a finite opening angle (divergence) of the input 

beam. Some rays that correspond to the outer edges of the input beam are output at a very 

divergent angle and effectively lost. 
30 EXAMPLE 2 

Fig. 3 shows a second embodiment of the invention wherein the scanning 
element 20 itself consists of two arrays of positive cylinder lenses 22, 23 that move in the 
same direction. Again, the static prefocus lens 22, the postfocus lens 23, and the two arrays 
of moving lenses 24, 25 aU have a focal length approximately equal to the distance L 
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between input and oiitpiit, and the may lenses 22, 23 have a aze equal to tiie 

output beam aperture. The mechanism is very sunUar to that described with respect to Fig. 1, 

but now the iiqjut light pattern is effectively ou^ iqp-side-down. 

Figs. 4A, 4B and 4C show the scan function at three different points hi time. 

5 Fig. 4A shows the situation where all four lens elements 22, 23, 24, 25 are perfecUy aUgned. 
Figs. 4B and 4C illustiatc the scan function for equal but opposite shifts of airays 24, 25. 
Fig. 4D shows the effect of a finite opening angle (divergence) of the input beam. Some rays 
that correspond to the outer edges of the input beam are output at a vejy divergent angle and 
effectively lost. This is a result of the absence of a true telecentric relay dement in the 

1 0 system that images the mput array onto the output array. Depending on the various system 
dimensions and other parameters this may or may not be acceptable. 
EXAMPLE 3 

Fig. 5 shows a third embodiment of the invention, in which, for a system with 
positive cylinder lens anays, as described above with respect to Fig. 3, an internal relay lens 

1 5 array 26 can be added that eliminates the problem of loss of outer edges of the mput beam. 
The added center anay 26 moves at half the speed, has half the lens size, and a four times 
shorter focal length flian the other lenses ra the system 22, 23, 24, 25. For synchronous Imear 
array movement and ideal lenses, the output light pattern is now fully independent of the 
uiput ray angle for telecentric beam opening angles up to the cone that corresponds to the full 

20 mput and output aperture (array lens size) at nxput to output distance, as shown in Fig. 6. 

Although fte scanner transfer fimction as described above in Examples 1, 2 
and 3 is in principle ideal, a Unear lens-array movement does not lend itself easUy to 
continuously scrolling systems. Dependmg on the details of the application, the linear 
movement can be replaced by a saw-tooth movement with quick jerk-backs, or by a 

25 bdt/cham like mechanism that makes Ae linear movement continuous. 
EXAMPLE 4 

Figures 7A, 7B, respectively, show a radially oriented cyUndrical lens 
structure 3 1 on a disk 30 and a tangcntially oriented cylmdrical lens stntcture 33 on a disk 32. 
The beam aperture is mdicated by a fet lined rectangle 34, hi a disk embodhnent, apair (or 
30 three, in the case of the third embocMment) of disks may be provided, spaced appropriately, to 
provide the scanning optical fimction. Parallel moving positive lens arrays could, for 
example, be mounted on a single rotating shaft disposed between the input and output 
apoiures. 
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It is therefore understood that these disk optics 30, 32 may replace the Uneaily 
moving optics 14. 15, 24, 25, 26 depicted in Figs. 1. 3 and 5, to provide analogous respective 
optical functions. 

Fig. 7B shows an implementation where the moving airay of Figs. 1, 3 or 5 is 
replaced by a single cylinder lens 33 that spirals on a disc 32, as shown in more detail in the 
wire&ame model of Fig. 8A. One revolution of the disk 32 corresponds to a shift of a 
corresponding linear array of Examples 1, 2 or 3 by a shift over one lens element. The 
imagiiig error introduced by the spiral tilt 35 is easily corrected by a slight lateral shift of the 
beam aperture 34; this leaves the small imaging error from the spiral curvature. 

According to this embodiment, parallel moving positive lens arrays can be 
mounted on a single shaft, but now the opposite movmg negative lens arrays can also be 
mounted on a single shaft by using a backwards (negative) spiraling lens, or simply mounting 
two identical disks back to back. Even die half speed, half size center lens elements 26 can 
be momted on the same shaft by using a spiral of half pitch, as iUustiated in the wireframe 

15 nwdel of Figure 8B. 
EXAMPLES 

Figure 7C shows cylinder lenses 41 mounted on the cylindrical surface of a 
dram 40. The cylinder lenses 41 are parallel to the drum 40 shaft. A small imaging error is 
introduced by the tilt and circular travel of the lenses 41. 
20 Figure TD shows a drum where the array is replaced by a single cylinder lens 

43 that is wound in a helix around a drum 42. This is somewhat similar to Figure 7B. Hie 
two parallel moving positive lenses 43 could be part of the same drum 42, The beam 
aperture is agam in<«cated by a fet Imed rectangle 44. 

In the case of a drum 40, 42 with negative lenses, light may pass twice through 
25 the drum 40, 42, across a diameter, thus requiring only a single rotating structure. Hus is 
shown in Fig. 9, with a soUd rotating structure 45. IWs embodiment can also be understood 
as a rotating prism with concave faces. In accordance with the preferred embodiments of the 
invention, the scan optic is surrounded with prefocus and postfocus optics. 

Where parallel moving optics are required, such as tiie embodiments described 
30 in Examples 2 and 3. the beam may be internally redirected in a hoUow drum, either paraUel 
to the axis of the drum (to another optic of appropriate configuration, having synchronized 
movement) or flirough anotiicr face of the drum. The redirection element may be, for 
example, a static mirror or prism. 
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Likewise, tbe third positive lens 26 of Example 3 may be provided by a static 
cylindrically cwrved mirror or lens of the coirect curvature appropriately disposed in tiie optic 
path, e.g., in the center of the drum. 

It is also possible to provide a conical arrangement of cylindrical lenses, with 
5 slight aberrations, which have an optical axis divergent from the central axis of the drum-like 
cone. 

It is therefore understood that these drum optics may replace the linearly 
moving optics depicted in Figs. 1. 3 and 5, to provide the same respective optical function. 

While the above detailed dcsoiption has shown, described and pointed out the 
1 0 fundamental novel features of the invention as applied to various embodiments, it wiU be 
understood that various omissions and substitutions and changes in the form and details of 
the system and method iUustmted may be made by those skiUed in the art, without departing 
6om the spirit of the invendon. 
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CLAIMS: 



10 



1 An optical scanner having a scan optic subsystem (1 0,20) having a scan 

function subject to substantial aberrations in ima^ transfer over wide apertures, 
characterized in tiiat compensation optics (12,13,22^3) are provided to correct said 
aberrations in image transfer in the scan optic subsystem (10,20). 

2^ The optical scanner according to claim 1 , wherwn said conqjensation optics 

comprise a prefocus optic (12,22) transmitting a U^t pattern (1 1) to be scanned to said scan 
optic subsystem (10,20), and a postfocus optic (13,23) receiving a scanned light pattem ftom 
said optic subsystem (10,20). 

3 The optical scanner according to claim 1, v/hexaa said scan optic subsystem 
(1 0,20) comprises an input optical element (14,24) having at least two discontinuities 
separated by a continuous optical function, wherein said optical scanner has an imaging input 
^eiture (16) of about a separation distance of said at least two discontinuities. 

4 The optical scanner according to claim 1 , wdierein said scan function is a 
scrolling scan function 

5^ The optical scanner accorttog to claim 1 , wherein the compensation optics 

20 (12,13,22,23) and the scan optic subsystem (10,20) together accurately scroll the input 

pattem (1 1) to an output pattem accenting to tiie formula: 
Xo(t)/X»(t/T + X{«) modulo 1, 

with X being tiie total height of input (16) and output beam (17), xj being the ray height in tiic 

input beam. Xo being tiie corresponduig ray height in tiie output beam as a function of time, T 
25 bdng the frame period, and t bang die time. 

6. The optical scanner according to claim 1, wherein said compensation optics 

(12,13,22.23) are arranged to prefocus an input pattern on, and postfocus an output optical 
pattem from, tiie scan optic subsystem (10,20), to achieve transfer of a scanned image. 
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7. The optical scanner according to claim 1 , v/betem said scan optic subsystem 

(10,20) comprises a linearly di^laceable array of cylindrical laises (14,15,24;i5). 

5 8. The optical scannea- according to claim 1, vrfierein said scan optic subsystem 

(10,20) comprises a rotatable array of quasi-cylindrical lenses (3133,41,43). 

9. The optical scanner according to claim 1 , wherein said compensation optics 
(12,13,22,23) are approximately cylindrical, 

10 

10. A scan optic (30,40), comprising: 

(a) an axis of rotation; and 

(b) a surfece (3133,42,43), disposed for rotation about said axis of rotation, 
having an optical ftnctlon, said optical fimction having, at any angular orientation, a portion 

15 having a substantially continuous first derivative, and which varies incrementally in position 
with respect to an angle of rotatioo about said axis. 

11. The scan optic accordmg to claim 10, ^R*erein said surface (33) is disposed 
noroial to said axis and said optical fimction varies in a spiral pattern with respect to an angle 

20 of rotation about said axis. 

12. The scan optic according to claim 10, wherein said surface (43) is disposed 
concentric about said axis and said optical function varies in a helical pattern with respect to 
an angle of rotation about said axis. 

25 

13. The scan optic according to claim 10, wherein the scan optic further comprises 
a second surface (3 133,41,43), disposed for rotation about said axis of rotation, having an 
optical function, said optical function having, at any angular orientation, a portion having a 
substantially continuous first derivative, and which varies incrementally in position with 

30 respect to an angle of rotation about said axis; 

wherein said second surface rotates in synchrony witii said surface. 

14. The scan optic according to claim 1 0, wherein iht scan optic fiirtiier comprises 
an optical discontinuity (35) on said sur&ce, having a substantially discontinuous first 
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derivative, and which varies incttmentally in position with respect to an angle of rotation 
about said axis. 

15. A scan optic system, comprismg: 

(a) a scan optic (30,32,40,42) having an axis of rotation and a surface 
(31»33,41,43), disposed for rotation about said axis of rotation, a cylindrical optical surfece 
(3 1 ,33,4 1 ,43) airanged about said axis of rotation, and a hoUow portion disposed proximate 
to said axis of rotation; and 

(b) a stationary transfer optic* disposed in said hollow portion. 
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